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v Pipe 20 has an inlet connector conduit 20 b, by which 
conduit 12 is conneetable to a source of pressurised 
coolant fluid,, such as water, such that coolant fluid can 
be supplied to passage 21. Also, pipe 18 has an outlet 
connector conduit 18b, by which conduit 12 is conneetable 
to a discharge line for discharge of coolant fluid from 
passage 22. 

ClMK 

1> A top-submergable injection lance, for top submerged 
injection into a metallurgical bath, wherein the lance has 
an elongate conduit which, relative to the orientation of 
the lance in use, extends from an upper end inlet section 
to a lower, process fluid discharge end; the conduit 
defines a longitudinal bore extending therethrough from 
the inlet section, to an opening defined at the process 
fluid discharge end by an annular hip member mounted on 
the conduit, such that react a-nts for top submerged 
injection can be supplied through the bore; the conduit, 
between the inlet section and the discharge end, comprises 
an inner pipe which defines the bore, and an outer pipe r 
with an annular volume defined between the inner and outer 
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pipes; the conduit is provided at, or adjacent to, the 
inlet section with a first and a second connector each 
communicating with the annular volume, with the first and 
second connectors adapted for respective connection to a 
coolant fluid supply line and a coolant fluid discharge [ 
line; wherein the lance further includes a third pipe j 
which is intermediate the inner and outer pipes and • 
divides the annular volume into an inner and an outer 
annular chamber with the third pipe extending from the ( 
inlet section and terminating a relatively short distance 
above the process fluid discharge end such that the 
chambers are in communication at the process fluid 
discharge end? each connector communicates with a 
respective one of the chambers, such that, in use, coolant 
fluid is able to £low from the first connector, through 
one of the chambers to the discharge end of the lance, and 
then return through the other of the chambers for 
discharge through the second connector; the annular tip 
member is made of a suitable alloy steel and has a solid 
annular form defined by inner and outer surfaces, which 
merge towards a lower edge of the tip member, and by a top 
surface which extends between the outer and inner 
peripheral surfaces; the tip member at the process fluid 
discharge end of the conduit is connected at said top 

surface thereof to the lower end of each of the inner and 
outer pipes , around the circumference of those pipes, so 
as to be contacted by coolant fluid flow through said 
chambers; and wherein said inner peripheral surface is 
f rusto-cbnical and provides a continuation of the bore, 
from the inner pipe to the opening, which is on increasing 
cross-section from the inner pipe to the opening. 

I 
i 
=. 
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TOP g"BMCTfiART.Ig LANCE 

This invention relates to a new lance for top 
submerged injection into a metallurgical bath, such as in 
a smelting and/or refining furnace. 
$, One form of top submerged lance injection procedure 

is that of the birosmklt process, utilising a S1ROSMELT 
lance. In that procedure, the lance is lowered so that 
its lower, discharge end is a suitable distance above the 
slag layer of a bath* Injection of fluid, such as of air 
10 and/or oxygen is commenced* This causes a lower portion 
of the lance to be splashed by slag, to form a coating of 
solid * lag thereon which protects the lance from extremes 
of furnace temperatures. The lance then is lowered so 
that its lower end is inserted into the slag, while 
15 continuing injection, and a required top submerged 
infection operation is conducted. During that operation, 
the solid slag costing is maintained above the slag layer 
of the bath, due to the cooling influence of the injected 
fluid, while the coating provides some protection of the 
20 lance against temperatures prevailing in the gas space 
above the bath. 

While the SIHOSMELT procedure can provide a 
substantial degree of protection for the lance, the life 
of the lance is limited, particularly where temperatures 
25 above the bath are extreme. Frequent maintenance of the 
lance therefore is necessary under such conditions. In 
particular, the SIROSMELT lance is not suitable for 
smelting and reduction of iron-containing feed materials, 
to produce metallic iron such as pig iron or iron with 
30 less carbon than pig iron, since the conditions of 
temperature, and also oxygen enrichment and bath 
composition required, cause rapid lance failure. 

The present invention seeks to provide a new form of 
lance, and an improved top submerged injection system 
35 incorporating such lance. The lance of the invention can 
be used for injecting fluid into a slag bath, such as fuel 
and oxygen source gas to provide heat as well as vigorous 
stirring, to achieve rapid and efficient reactions. 
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According to the present invention, there is 
provided a top-submergatole injection lance, for top 
submerged injection into a metallurgical bath, wherein the 
lance has an elongate conduit which, relative to the 
orientation o£ the lance in use, extends from an upper end 
inlet section to a lower, process fluid discharge end; the 
conduit defines a longitudinal bore extending therethrough 
from the inlet section, to an opening defined at the 
process fluid discharge end by an annular tip member 
mounted on the conduit, such that react ants for top 
submerged injection can be supplied through the bore* the 
fconduit, between the inlet section and the discharge end, 
comprises an inner pipe which defines the bore, and an 
outer pipe, with an annular volume defined between the 
inner and outer pipes; the conduit is provided at, or 
adjacent to, the inlet section with a first and a second 
connector each communicating with the annular volume, with 
the first and second connectors adapted for respective 
connection to a coolant fluid supply line and a coolant 
fluid discharge line! wherein the lance further includes a 
third pipe: which is intermediate the inner and outer pipes 
and divides the annular volume into an inner end an outer 
annular chamber with the thit-g pipe extending from the 
inlet section and terminating a relatively sfcort distance 
above the process fluid discharge end such that the 
chambers are in communication at the process fluid 
discharge end; each connector communicates with a 
respective one of the chambers, such that, in u»e, coolant 
fluid is able tb flow from the first connector, through 
one of the chambers to the discharge end of the lance, and 
then return through the other of the chambers for 
discharge through the second connector; the annular tip 
member is made of a suitable .alloy steel and has a solid 
annular form defined by inner and outer surfaces, which 
merge towards a lower edge of the tip member, arnd by a top 
surface which extends between the outer and inner 
peripheral surfaces; the tip member at the process fluid 
discharge *h& o£ the conduit is connected at said top 
8»*f *m thereof t$ : t*e lower end of each of the inner and 
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outer pipes, around the circumference of those pipes, so 
as to be contacted by coolant fluid flow through said 
chambers; and wherein said inner peripheral surface is 
f rusto-conical and provides a continuation of the bore, 
S from the inner pipe to the opening, which is of increasing 
cross-section from the inner pipe to the opening. 

Most preferably the first connector communicates 
with the inner chamber, with the second connector enabling 
discharge from the outer chamber* 
10 The f rusto-conical inner peripheral surface most 

preferably has a half-cone angle of from about 10° to 
about 20°, as this is found to substantially prevent 
blockage of the core by solidified slag. 

Mounted in the tip*, the lance may have a baffle of a 
15 form which causes injected react ants to issue from the 
opening as an annular jet. The baffle preferably is of 
conical form, having an external surface which increases 
in cross-section from an upper end thereof to the 
\ 9 \\l opening. Such external surface may have a half-cone angle 

20 substantially equal to that of the inner surface of the 
tip,« 

In normal use of the lance, the reactants injected 
through the bore comprise fuel and oxygen, to achieve 
«!\ combustion of the fuel in the slag bath. The oxygen may 

25 be provided by air, oxygen-enriched air or oxygen alone or 
in combination with an inert gas such as nitrogen > Such 
•••» 5 gap may act as a carrier for the fuel, although it is 

preferred that the roles of providing oxygen for 
combustion and a carrier for the fuel is at least in part 
30 divided. For this, the lance may have a fuel supply pipe 
extending through the bore from fche inlet section to, o* 
adjacent to, the tip for injection of fuel, and a carrier 
gas for the fuel, via the lance opening. Where such fuel 
supply pipe is provided, at least part of the oxygen 
35 required for combusion then is supplied via an annular 
passage between the supply pipe and the inner pipe of the 
conduit. The arrangement preferably is such that mixing 
of the oxygen from the annular passage and the fuel occurs 
^T^s. in the tip, prior to discharge from the opening* 
> 4 <^ - 4 - 
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Where such fuel supply pipe is provided/ and a 
baffle is mounted in the tip, mounting for the baffle may 
be by its attachment to extensions or rods projecting 
beyond the lower end of the supply pipe, within the tip* 
S The annular passage between th* fuel supply pipe and 

the inner pipe of the conduit may be provided with at 
least one swirler mounted around at least the lower end of 
the supply pipe, to impart helical motion to the flow of 
gas injected through the passage. The swirler preferably 
10 is of helical form around the supply pipe, most preferably 
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of decreasing pitch towards the opening. The swirler may 
comprise a single start helical baffle member, but 
preferably is a two start helical baffle member. Such 
swirler enhances rolling of the gas injected through the 
j5 passage and fuel within the tip, and enhanced distribution 
of reactants within the slag, thereby optimising fuel 
combustion. 

The lance may include a shroud pipe around the 
conduit, over an upper part of the length of the latter 
from the inlet section, and defining an upper region 
fhroud gas discharge passage between the shroud pipe and 
the outer pipe of the conduit. The shroud gas discharge 
passage is closed at the upper end of the shroud pipe but, 
at the lower end of the latter, is open at a level spaced 
15 from the tip* The shroud pipe has a connector which 
communicates with the discharge passage and is connectable 
to a supply of pressurised shroud gas. The ar r augment is 
i# \ S such that, in use, shroud gas is able to be discharged 

into the furnace space, above the slag bath, during the 
20 course of top submerged injection of reactants into the 
bath. 

The shroud gas may provide further cooling for the 
lance, and discharge with furnace or reactor gases. in 
such case, the shrotid gas may be an inert gas such as 
nitrogen. However, it is preferred that the shroud gas is 
*n oxygen containing gas, such as air, oxygen-enriched 
ait, oxygen or a mixture of oxygen and an inert gas, 
enabling post-combustion of furnace or reactor gases above 
the slag bath. Indeed, where the shroud gas is to enable 
poet^combustion, it may be pre-heated, .such as up to about 
a$4°C, to facilitate post-combustion. Where such 
prfc-fceating occurs, it will be appreciated that the shfoud 
gas will have a more limited capacity to also provide 
further cooling for the lance* 
3 j particularly where the furnace or reactor, in which 

tbe lance is to be used, generates extreme temperature 
conditions, such as in smelting and reduction of 
iron-containing feed materials, further cooling can be 
desirable. Thus, exteriorly of the conduj*, and of the 
40 sbroud pipe it provided, a supplementary coolant fluid 
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supply pipe arrangement can be provided around an upper 
part of the lance* The supplementary arrangement 
preferably is similar in form to that defined in the 
conduit by its inner, outer and third pipes. 
.3, a top submerged injection system according to the 

invention comprises a lance according to the invention, 
and lance positioning means for raising and lowering the 
lance. The system may include pressure, temperature i id 
coolant flow sensing means for monitoring the coolant 
10 fluid supplied to the conduit and control means operable, 
in response to a signal from the sensing means indicating 
a drop in coolant fluid pressure or a coolant fluid 
pressure below a predetermined value, to shut off the 
coolant supply to the lance and to actuate the positioning 
15 means to raise the lance fully from its in use position* 

The components of the lance exposed to high 
J'"f temperatures need to be of a suitable temperature and 

: *\ 5 oxidation resistant metal, while components exposed to 

coolant fluid need to be of a metal providing corrosion 
** 20 resistance, in each case, it is highly preferred that the 

components be of a suitable grade of alloy steel, most 
. preferably stainless steel, such as 316 or 321 grade 

stainless steel, such as ASTM 316 or 32.1 grade stainless 
steel or other high chromium steels. 
25 The coolant f lui<? with which the lance is to be used 

most preferably comprises water or wet or dry steam. 
However, other gaseous or liquid fluids can be used. 

The preferred fuel for use with the lance is 
pulverised or fine coal. However, other fuels such as oil 
30r can be used. Also, other materials can, if required, be 
injected with the fuel and oxygen, such as solid fluxes, 
collector phase modif iers and reaction catalysts. 

in order that the invention may more readily be 
understod, description now is directed to the accompanying 
35 drawings, in which; 

Figure 1 1b a sectional view of a lance according to 

the invention; and 

Figure 2 is an enlarged sectional view of the lower 
end of the lance of Figure 1* 
40 The lance 10 of Figutes I and 2 has conduit 12 

3026L - 6 - 
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extending from upper end section 10a of lance 10 to a tip 
14 at the lower discharge end. 

Conduit 12 includea inner and outer concentric pipes 
16, IS and a third pipe 20 disposed co-exiaUy between 
5. pipes 16,18. Tip 14 is seaiingly connected to the lower 
end circumference of each of pipes 16,18. However, the 
lower end of pip* 20 terminates above tip 14 such that the 
volume between pipes 16,18 is divided into inner and outer 
annular passages 21,22 which are in cotnmunication at 23, 
10: between the lower end of pipe 20 and tip 14. 

in upper end section 10a, passage 21 is close by 
co-operating, interconnected flanges 16a, 20a of pipes 
16,20. Similarly, passage 22 is closed by an annular 
radial wall l*a of pipe IB which is sealed around pipe 
15 20 . v Pipe 20 has an inlet connector conduit 20b, by which 
conduit 12 is connectable to a source of pressurised 
coolant, fluid, such as water, such that coolant fluid can 
: be supplied to passage 21. Also, pipe 18 has an outlet 

! connector conduit 18b, by which conduit 12 is connectable 

: 20 to a discharge line for discharge of coolant fluid from 
passage 22. ^JL The arrangement is such that coolant fluid, 
for cooling conduit 12^ is able to be supplied via conduit 
[ l 20b for flow downwardly through and around passage 21, and 

X then upwardly and around passage 22, for discharge through 

25 conduit 18b. In such flow, the coolant fluid flows across j 
/ the upper 3nd of tip 14, at 23, to provide cooling of tip j 

14. i 
Pipe 16 defines a bore 24 therethrough from the 
\ upper end of pipe 16 in section 10a to tip 14? while tip 

5 30 14 provides a. continuation of bore 24 to the lower end of 
lance 10. Concentrically within pipe 16, there is a fuel 
supply pipe 26 which extends from the upper end of lance 
10 to a level in one example adjacent the top of tip 14. 
The uppet end of pipe 26 is received into a collar 27 by 
35 which it is connected to a supply line 28. The latter is 
connectable to a source of fuel and carrier gas for the 
fuel, for injection of the fuel through lance 10 via pipe 
26. 

Between pipes 16,26 there is an annular gas passage 
40 30 through bore 24. The upper end o£ pipe 16 is enlarged ; 
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at 16b, and provided with an inlet connector conduit 16c, 
by which passage 30 is connectable to a pressurised source 
of oxygen or oxygen containing gas, to enable injection of 
such gas through lance 10* 

Tip 14 is solid, and made from a suitable alloy 
steel such as stainless eteel. It has an inner peripheral 
surface 14a which, in addition to providing a continuation 
of bore 24, is firusto-conical so as to taper downwardly 
and outwardly from the cross-section of bore 24 within 
10 pipe 16. The taper of surface 14a has a half cone angle 
of f rom 10 to 20° , f or th« reason indicated above. 
Surface 14a merges with external cylindrical surface 14b 
of tip 14, to define a sharp lower edge 14c of tip 14 at 
the outlet of lance 10. 
15 The lower end of pipe 26 may have a plurality of 

circumferential ly spaced rods 32 which project axially 
within tip 14. Mounted on rods 32, within tip 14* there 
is a conical baffle 34 which increases in cross-section 
towards the lower end of laiice 10. Baffle 34 has a half 
angle similar to that of surface 14a of tip 14, and causes 
the flow of fuel issuing from the pipe 26 to diverge 
outwardly into the flow of oxygen issuing from passage 
30. Baffle 34 and also surface 14a of tip 14 minimise 
antry of slag into tip 14 * 
25 within the lower Extent of passage 30, there may be 

a helical swirler 36 for imparting circumferential motion 
to oxygen issuing therefrom. Swirler 35 comprises a 
two-start helical baffle mounted on pipe 26 , which 
decreases tn pitch towards tip 14. Surface 14a of tip 14 
30 and baffle 34 cause good mixing of the fuel and oxygen 
within tip 14 and this is further enhanced by the action 
of swirler 36. That mixing and the action of swirler 36 
also result in good distribution of the fuel and oxygen 
within the slag in which they ara injreefe«€ by top 
35 submerged Injection from lance 10. 

Concentrically disposed on the upper extent of 
t?onduit 12, there is a shroud pipe 38. A shroud passage 
40 is defined between pipes 16,36, with passage 40 being 
closed at its upper end by respective flanges 18d and 38a 
40 of those pipes. Pipe 38 has an inlet conduit 38b 

30281, - 8 - 
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communicating with passage 40 and connectable to a 
pressurised source of shroud gas, such as an 
oxygen-conteining gas for post-combustion above a slag 
bath as detailed herein. The shroud gas is able to j 
£ discharge from the open lower end of passage 40, so as to \ 
discharge into furnace or reactor gases above the bath. j 
Around at least part of the length of pipe 38, there ! 
is a supplemental cooling system 42. This comprises 
concentric pipes 44,46, each closed at their upper ends, 
10 with pipe 4 6 also closed at its lower end. Each pipe has 
a connector conduit 44 a, 46a, enabling this supply and 
discharge, respectively, of further coolant fluid, 
essentially as described in relation to circulation of 
such fluid within conduit 12. System 42 enhances overall 
, 15 cooling of lance 10 and, in particular, of shroud pipe 3B, 

: **[* against the effect of furnace or reactor gases and heat of 

ptfst-combustion. 

« 5 . 5 The lance 10, for top submerged injection, will be 

appreciated as employing an external coolant circulation 
%%t 20 system,, preferably utilising, water ae the coolant fluid. 

This provides a long operating life for the lance, 
# « , obviating the need for frequent repairs, fcance 10 is used 

for injecting fuel, air and oxygen into a slag bath to 
5 provide heat, as well as vigorous stirring to achieve 

25 rapid and efficient reactions. It has particular 
advantages when used to inject coal as fuel and reductant 
with oxygen and air, to produce strongly reducing 
. % t. t conditions at high temperatures, such as required to amelt 

] and reduce iron from iron-containing materials . However, 

1 * 30 many other applications ere envisaged, such as in smelting 
non-ferrous materials such as lateritic nickel smelting 
and ferro-alloy production. 

The lance preferably is fabricated from stainless 
Steel tubes or pipes, to prevent rusting and to provide 
35 resistance to high tetnperetttre oxidation. Tip 14 also 
preferably is of stainless: steel while, as indicated, its 
internal con* half angle of 10 to 20* acts to prevent 
blockage by solidified slag. External water cooling 
maintains a low lance temperature, and in a system 
40 incorporating the lance, there preferably is a low 
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pressure coolant fluid cut-off and lance raising mechanism. 

The lance preferably has a minimum surface area, 
made permissible by an ability to maintain high velocities 
in gas and fuel flow. Typically, gas and fuel flows can 
£ range from Mach 0,05 to 1.0, preferably Mach 0.3 to 0.5. 
Similarly, high velocities of coolant flow enable minimum 
surface area for the lance, such as with coolant water 
flow of 1 to 5 m/sec. 

Provision of shroud pipe 38 outside the conduit 12 
10 enables air or other shroud gas to be injected above the 
bath. Such shroud gaa provides cooling for the upper 
extent of lance 10. This shroud gas also can provide 
oxygen for above-bath teactions requited for process 
reasons, such as achieving sufficient after-burning or 
15 post-combustion of ca*bbn monoxide, hydrogen and carbon 
dust carried out of the bath during submerged injection. 
The position of shroud pipe ZB is optimised to allow 
maiimum recovery of heat from such reactions to the bath, 
whilst avoiding re-oxidisation of the slag bath and metal 

20 products. 

Provision of swirlers 36 in the oxygen/air duct 
enhance mixing of the injected materials before they enter 
the bath, and also provides stable discharge conditions 
for the injection of gas into the bath. 
25 Provision ef baffle 34 prevents slag from entering 

the tip and blocking flow. 

The supplemental water cooled upper region, around 
the conduit 12, can. be beneficial if the quantity of 
shroud gas discharged above the slag bath is not 
30 sufficiently large to prevent shroud pipe 3B from reaching 
temperatures which may cause oxidation or damage. The 
supplemental cooling p*eferably maintains the lower end of 
shroud pipe 38 at a temperature of from 400 to 800-C, 
depending on thS material used. 
23 A principal purpose of the invention is to allow 

injection of fuel, reductant, air etid/or oxygen into a 
slag bath under conditions in which the lance is subjected 
to minimum wear and requires minimum maintenance. 
However, a further benefit where shroud pipe 38 is 
4a provided, is in enabling injection of after-burning ait or 

3028L " 10 ~ 
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oxygen into the gas space above the bath, in suitable 
proximity to the point of injection, to ensure heat 
release from after-burning efficiently heats the bath, 
whilst preventing re-oxidisation of the bath contents. 
This latter purpose has particular relevant to smelting 
and reducing iron-containing feed materials to produce 
metallic iron, if* the form of pig iron or iron-containing 
less carbon than pig iron. 

Finally, it is to be understood that various 
alterations, modifications and/or additions may be 
introduced into the constructions and arrangements of 
parts previously described without departing from the 
spirit or ambit of the invention. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS • 
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1, A top-submergable injection lance, for top submerged 
injection into a metallurgical bath, wherein the lance has 
$ an elongate conduit which* relative to the orientation of 
the lance in use. extends from" an upper end inlet section 
to a lower, process fluid discharge end; the conduit 
defines a longitudinal bore extending therethrough from 
the inlet section, to an opening defined at the process 
10 fluid discharge end by an annular tip member mounted on 
the conduit, such that reactants for top submerged 
injection can be supplied through the bore; the conduit, 
between the Inlet section and the discharge end, comprises 
an inner pipe which, defines the bore, and an outer pipe, 
IS with an annular volume defined between the inner and outer 
pipes; the conduit is provided at, or adjacent to, the 
inlet section with a first and a second connector each 
communicating with the annular volume, with the first and 
second connectors adapted tot respective connection to a 
20 coolant fluid supply line and a coolant flfcid discharge 
line; wherein the lance further includes a third pipe 
which is intermediate the inner and outer pipes and 
divides the annular volume into an inner and an outer 
annular chamber with the third pipe extending from the 
25 inlet section and terminating a relatively short distance 
above the process fluid discharge end such that the 
chambers are in communication at the process fluid 
discharge end? each connector communicates with a 
respective one of the chambers, such that, in use, coolant 
30 fluid is able to flow from the first connector, through 
one of the chambers to the discharge end of the lance, and 
then return through the other of the chambers for 
discharge through the second connector; the annular tip 
member is made of a suitable alloy steel and has a solid 
35 annular form defined by inner and outer surfaces, wfrich 
merge towards a lower edge of the tip member, and by a top 
surface which extends between the buter and inner 
peripheral surfaces; th* tip member at the process fluid 
discharge end of the conduit is connected at said top 
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surface thereof to the lower end of each of the Inner and 
outer pipes, around the circumference of those pipes, so 
as to be contacted by coolant fluid flow through said 
chambers; and wherein said inner peripheral surface is 
f rusto-conical and provides a continuation of the bore, 
from the inner pipe to the opening, which is of increasing 
cross-section from the inner pipe to the opening. 
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2. The lance of claim l r wherein the first connector 
communicates with the inner chamber, with the second 
connector enabling discharge from the outer chamber. 

3„ The lance of claim 1 or claim 2, wherein the 
frusto-conical surface has a half -cone angle of from about 
10* to about 20°. 

4. The lance of any one of claims 1 to 3, wherein 
mounted in the tip, the lance has a baffle of a *orm which 
causes injected reactants t<r issue ftom the opening as an 
annular let. 

5. The lance of claim 4, wherein the baffld Is of 
conical form, having an external surface which increases 
in cross-sectibn from an upper end thereof to the opening. 

6. The lance of claim 5, wherein the external surface 
of the baffle has a half-cone angle substantially equal to 
that of the inner surface of the tip. 



30 
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7. The lance of any one of claims 1 to 6, further 
including a fuel supply pipe extending through the bore 
from the inlet section to, or adjacent to. the tip for 
infection via the lance opening of fuel and a carrier gas 
tor the fuel. 

ft* The lance of claim 7, wherein an annular papsags is 
defined between the* supply pipe and the inner pipe of the 
conduit, such tfcat at least part of oxygen required for 
combustion then is supplied via the annular passage. 
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9. The lance of claim 7 or claim 8, as appended to any 
one of claims 4 to 6, wherein the baffle is mounted by 
attachment to extensions or rods projecting beyond the 
lower end of the supply pipe, within the tip, 

10. The lance of claim 8, or to claim 9 as appended to 
claim 8, wherein the annular passage between the fuel 
supply pipe and the inner pipe of the conduit is provided 
with at least one swirler mounted around at least the 
lower end of the supply pipe, to impart helical motion to 
the flow of gas injected through the passage. 

11. The la*ice of claim 10, wherein the swirler is of 
helical form abound the supply pipe. 

12. The lance of claim 11, wherein the swirler is of 
decreasing pitch towards the opening. 
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X3, The lance of claim 11 or claim 12 , wherein the 
20 swirler comprises a single start helical baffle member, 

14. The lance of claim 11 ojc claim 12, wherein the 
swirler is a two start helical baffle member. 

15. The lance of any one of claims 1 to 14, further 
including a shroud pipe around the conduit, over an uppfcr 
part of the length of the latter from the inlet section, 
wherein the shroud pipe defines an upper region shroud gas 
discharge passage between the shroud pipe and the outer 

30 pip* of the conduit, and wherein the shroud gas discharge 
passage is closed at the upper end of the shroud pipe and 
open at the lower end of the latter at a level spaced from 
the tip; the shroud pipe having a connector which 
communicates with the discharge passage and is connectable 
3.5 to a supply of pressurised shroud gas such that, in use, 
shroud gas is able to be discharged into the furnace 
sfcBce, above the alag bath, during : the Course of top 
submerged injection of react ants into the bath. 
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16. The lance of claim 1, substantially as herein 
described with reference to the accompanying drawings* 

17. A top submerged injection system, comprising the 
5 lance of any one of claims 1 to 16, and lance positioning 

means operable to raise and lower the lance. 

IB* The system of claim 17, including pressure 
temperature and/or coolant flow sensing means for 

10 monitoring the coolant fluid supplied to the conduit 
means, arid control means operable, in response to a signal 
from the sensing means indicating a drop in coolant fluid 
pressure or a coolant fluid pressure below a predetermined 
value, to shut off the coolant supply to the lance and to 

15 actuate the positioning means to raise the latvce fully 
from, an in use position ♦ 

DATED: 7 January 1994 

20 AUSMELT PIT* LTD. 

By PHIU.IPS ORMONDE & FITZPATRICK 



Patent Attorneys pers 
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ABSTRACT 

A lance, citable for top submerged injection into a 
metallurgical bath, the lance has an elongate conduit 
which, relative to the orientation of the lance in use, 
£: extends from an upper end inlet section to a lower r 
process fluid discharge end. The conduit defines a 
longitudinal bore extending from the inlet section/ to an 
opening at the process fluid discharge end by an annular 
tip member mounted on the conduit, such that react ants for 
10 top submerged injection can be supplied through the bore. 
The conduit, between the inlet section and the discharge 
end, comprises an inner pipe which defines the bore, and 
an outer pipe, with an annular volume being defined 
between the inner and outer pipes. The conduit being 
15 provided at, or adjacent to, the inlet section with a 
first and a second connect©* each communicating with the 
annular volume, with the first and second connectors 
„ adapted for respective connection to a coolant fluid 

* supply linfc and a coolant fluid discharge line. The lance 

•£f! 20 further includes a third pipe which is intermediate the 
*• ** 5 inner and outer pipes, and divides the annular volume into 

ail inner and art outer annular chamber. The third pipe 
extends from the inlet section end terminates a relatively 
short distance above the process fluid discharge end such 
that, the chambers ar* in £oianhmiGation at the process 
fluid discharge end. Bach connector communicates with a 
respective one of the chambers, such that, in use, coolant 
fluid is able to flow from the first connector, through 
. one of the chambers to the discharge end of the lartce, and 

30 then return through the oth^r of the chambers for 
! *" discharge through the second connector. The annular tip 

is made of a suitable alloy steel, such as stainless 
steel, and is connected to the lower end of each of the 
inner and outer pipes, around the circumference of those 
35 pipes ♦ The tip has a f rusto-conical inner peripheral 
surface which provides a continuation of the bore, from 
the inner pipe to the opening, and is Of increasing 
cross-section from the inner pipe to the opening. 
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